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COPYRIGHT NOTIFICATION 

Pursuant to 37 C.F.R. 1.71(0. Applied "Ote ttal " " or,il>n ° f ' hiS 
dtsciosure contains materia, which is subject to copyright protection. The copyngh, 
er no objecon to the facstnnle reproduce by anyone of the patent document or 

but otherwise reserves all copyright rights whatsoever. 

CROSS-REFERENCE TO RELATED APPLICATIONS 

The present application claims bencfi. of and priority to USSN 
, 5 6W1 „ 766 "Htgh Throughput Mass Spectrometry," by Ratllard; USSN 60„48,84 8 

cl i, Id Evolution and Use of En^es for Combinatorial and Medtc.na, Chermstry, by 
uZ mod August n, ,9» and co-„lcd U.S. applicatton, "High Thro,*, Mass 
Spelictry, by RaiUard e, al„ filed February 1 1 , 2000, Attorney Doc*. No. 3- 
0295 10US. 

FIFLD OF THE INVENTION 
Th,s invcn«ion™a,es?o high throughput methods for mass spectrometry, 
fOT example, to monitor a pU,ra,i,y of satnples, e.g., en.ynte products generated fron, a 
library, e.g., of gene sequences. 
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BACKGROUND OF THE INVENTION 
High ,hrou A g™ ica, screening, of enzy™ activity for example 
lypic a„y involves quantitative detection of one or more substrate and/or P^et. The 
lost universal detection method to date is mass spectrometry (MS), wh.ch allows 
identification of a particular organic molecule based on mass to charge ra„o. 

Tradutonally, mass spectrometry is performed in tandem w„h hqu.d 
chromatography to purify and separate the components of tnterest. This purificatton can 
b! considere to be on-line sequential purification. The sequential nature of the 

I'limttstheabilityofmassspectrometrytoscreenalargenumberofreactton 
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products in a short amount of time, because the purification must occur ,n line with and 
previous to the mass spectrometry. 

DNA shuffling technology is used to create a library of related *ene 
sequences that encode, e.g., one or more enzyme that catalyzes a reaction. Such a library 
5 .s constructed, e.g., by homologous exchange of DNA fragments during DNA shuffling " 
In one typical set of embodiments, the library of related sene sequences* 
on a plasmid that has been transformed into a bacteria. Thus a single bacterial Cone can 
carry a unique gene sequence representing a unique variant of a particular enzyme or 
enzyme pathway. 

10 For directed evolution, the library is screened for variants havin 2 a desired 

charactenstic. Evolution of enzymes and pathways ,n vol ves biochemical reaction of one 
or more enzymes that can be detected by a chemical screening method. A chemical ' 
screening method detects the substrates and or products of the enzyme reaction^. 

Presently, the use of mass spectrometry to analyze these enzyme reactions 
5 >s extremely time consuming. The t.me limitation is due to the need to separate and 
punfy the products and reac.an.s of the enzyme pathways before injection into a mass 
spectrometer. This limits the number of samples that can be analyzed to about 100 
samples per day (typical purification runs (e.g., Hquid chromatography) require about JO 
m,nutes/sample. At 6 samp.es per hour, 144 samples can be run in a 24-hour period) A 
3 new high throughput system would be useful to provide a method of analyzin, a library 
for a few mutants out of thousands that will provide the desired properties. 

One recently developed system is the electrospray method as described in 
"Quantitative Electrospray Mass-Spectrometry for the Rapid Assay of Enzvme 
Inhibitors," by Wu et al. in Chemistry & Biology 1997, Vol. 4 No. 9. p65.V657 
Electrospray ionization is a mild method of transferring charged polar organic molecules 
into the gas phase for mass spectrometry analysis and is applicable for most b,oloo IC ally 
relevant organic molecules. The electrospray method eliminates the need for prior 
der, vacation of samples before injection into a mass-spectrometer as in GC/MS and thus 
shortens the analysis time for mass spectrometry. However, column separation ,s still 
utilized in this technique, limiting throughput as noted above. 

Another recent development is described in "Fast Screening for Dru^s of 
Abuse by Solid-Phase Extraction Combined with Flow-Injection lonspray-Tandem Mass 
Spectrometry," by Weinman and Svobodain, Journal of Analytical Toxicology Vol 
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,998 p 119-328. The ,echn,<,„e described combined .andem mass spectrometry and 
elec.rospray methods to s.muhaneous.y detect different d,,gs m serum or unne. 
A ,tho U2 h no co,umn separat.on was used because the tandem mass spectrometry allowed 
detecon of multiple compounds, a solid phase extraction method was necessary ,n the 

5 sample preparahon. The sample preparat.cn steps were s,„l too ,eng>hy ro prov.de h.gh 
throughpul screening by mass spectrometry. 

Accordingly, a high throughput method of performing mass spectrometry, 
e . for screens libraries of shuffled mo,ecu,es. would be useful. The present .nvent.on 
Jfills these and'many other needs which will become apparent upon complete re»,ew of 

10 this disclosure. 

SUMMARY OF THE INVENTION 

The invention provides a method for high throughput mass spectrometry, 
, ta , ,s used, for example, to monitor enzyme reacttons. e.g.. a. the rate of about .00 
,5 samples or more per hour, more preferably about 200 samples or more per hour. Usmg 
this method, many samples can be screened simultaneously so tba, an cnt.rc library 
be screened in a wceK or less. This provtdes a faster method of mass spectrometry 
screentng than has prev.ously extsted. The increase ,n throughput ,s due to a novel o f 
line parallel purifrcat.on system. The off-ltne paralle, pur,f,ca,on el,m nates the need 0 
„ q uid chromatography or a separate punftcat.on step before tn.ectton of the sample ,nto 

mass spectrometer. 

In one embod.ment. a method of performing high throughput mass 

spectrometry screen.ng ,s prov.ded. fn the method.onc or more celis are grown Non- 
Imn-separated components of .uteres, are punfied from ,be cel, colony or cu.ture. 
one aspec, the punftcation .ncludes an off-line paraUc, ad,us,men, of cell grow.ng 
condttions or attachment „, the non-column-separated components to a sohd support. 
,hc method, flow-.njection analysis is performed using, e.g., electrospray tandem mass 
spectrometry, thereby obtaming mass-,o.harge .tic data and prov.dtng high throughput 

, n mP ,rv screen.no 0 f the non-column-separated components of interest. 
maSSSPeClr0m ;i^:;;andpurify,ngstepsareachievedessen,ia,,ysimul,aneously 

by adding grown.; conditions or the condttions used to produce the reactants or 
products o, tnterest. For example, the components of .uteres, can be produced from 
whole ce„s. from eel, supernatant, from ee,l ,»sa,e or from purifted enzymes w,,h added 
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substrates. This production occurs in a volatile buffer, a buffer that reduces concentration 
of ionic species followed by a purification/clean up method such as an ion exchange 
resin, or the production is modified to be compatible with extraction, e.g., with an organic 
solvent to provide a component that can be injected directly into the mass spectrometer 
with no further purification. Because these steps are in parallel, at least 100 cell colonies 
are screened for presence or activity of the one or more non-column-separated component 
in less than an hour. 

Alternatively, the purifying step is achieved by lysing cells and attaching 
one or more components, e.g., tagged components such as tagged enzymes, protems, or 
nucleic acids, to a solid support comprising, e.g., a tag binding moiety. The cell lysate is 
optionally washed from the solid support and the enzymes are contacted with one or more 
substrates, producing one or more products, which are optionally analyzed without further 
purification. 

The one or more non-column-separated component is a protein, a protein 
binding molecule, a carbohydrate, a carbohydrate binding molecule, an enzyme, an 
enzyme substrate, a product of an enzyme catalyzed reaction, a nucleic acid, a product of 
a nucleic acid catalyzed reaction, a substrate with one or more hydrophobic moieties, an 
inorganic ion, an oligosaccharide, a hydrophobic molecule, a briatine derivative, atrazine, 
a polyketidc, or other molecule of interest. 

In another embodiment, the present invention provides a method for 
monitoring products orreactants, such as in enzyme reactions, by high throughput mass 
spectrometry by providing a cell or bacteria that has been transformed with a plasm.d 
containing one or more member of a library, e.g., of related gene sequences, such as 
related enzyme gene sequences. One or more cells or a cell colony or culture is grown 
from the cell; producing one or more product or reactant from the cell colony or culture in 
a biological matrix, thereby producing a non-column-separated sample; purifying the 
non-column separated sample from the biological matrix using an off-line parallel 
adjustment of the biological matrix, and monitoring the non-column separated sample by 
flow-injection analysis using electrospray tandem mass spectrometry, thereby monitoring 
the one or more product or reactant. In this way, enzyme reactions and their products can 
be studied at high throughput levels. Alternative libraries are also 

The products and/or reactants can be purified simultaneous to production, 
thus providing an off-line parallel purification system. The products and/or reactants are 
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produced, ,,. ustng whole cells, eel, supernatant. «U - . re , o .ween 

, leas, one purified ccl, enzyme and a, ,eas, one substrate. The components of*. 

11 ie are opt.onally a substrate one or more Hydrophobic motet.es. » morgan, 

ion , small mo.ecnle. an ol.gosacchande. a hydrophob.c molecule, a pepr.de. a 
Ip ^e a prorein. a nucleic acid, a polynucleot.de. a hydrophtltc molecule, tnaz.ne 
!T,L. a secondary metaboltte such as a poly.ettde. a pro.e.n, a prorein bmdtng 

m0 ,ec»le a carbohydrate, a carbohydrate bindtng molecule, an enzyme, an enzyme 

CM yzL teacto, or the The component are optional,, k „own or unknown 
component. Unlmown components are op t ,o„a„y identified andMr ou-uf-d ustng 

m " S " C ' ro T h e;:";;lsys,em,wh,ch,yp,ca,,yoccurs,nreac,,onco„d lt ,o„ S r h a l 
mim ,c env,ronmema, cellular cond,„ons, compnscs altering or addtng a buffer » * 
blo ,o.ica, matr, ,„ which the „„n-co,umn-s=paratcd sample is produced, .hereby 

he sampic The buffer used is op.,ona„y a vo,a,i,e buffer, a buffer that reduces . 

sv s,em composes bind.ng an enzyme or orher componen, e.g.. a nucle.c acd, pro.c.n. 
I Ic lr ohydra,e. or ,he „ k e. ,o a solid support, e.g.. through a spectftc tag motety. 

irnpur ,,,es or unbound componen.s, .hereby producng samples tha, are suf f c n„ ; 
pu r,ed for tnjecion in.o a mass spec.rome.er. Us.ng one of these punftcatton 
Indues, a,,cas, abou, ,00 hbrary members or more are screened for presence 0, 
5 absence of products or reacts ,n less .han an hour. Typ.cally. a, leas, about M0 - 
I hbrary membe., are screened in abou, an hour. Preferably, a. leasr abou, 500 or 
more samples are screened in about an hour. 

in o.her embodiment throughput is opttonaHy tncreased. e.g.. by pool.ng 
samples or componen.s and injecttng the pooled samp.es into the mass spirometer fo, 
l0 stmultancous analysts. The rcsuU.ng data ,s typtcally deconvofuted. e.g., ustng 
fomentation patterns or spectra, to identify the different samples. 

,„ another embodiment, thts tnvent.on provides an apparatus for htgh 
lh ,ough P u. mass spectrometry screening. The apparatus comprises a cel, growth plate for 
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growing cell samples and reacting enzymes, enzyme substrates, and enzyme products; an 
off-line parallel purification system coupled to or within the cell growth plate, for 
purifying the samples; an automatic sampler coupled to the off-line parallel purification 
system; and a mass spectrometer, such as an elcctrospray triple quadrupole tandem mass 
5 spectrometer, coupled to the automatic sampler. The automatic sampler is a sample 
handler that transports samples from the off-line parallel purification system to the mass 
spectrometer for injection and analysis. It can transport, e.g.. at least 100 samples or 
more in about an hour. 

Using the apparatus and integrated systems of the invention, the rate of 
10 screening is determined by the maximum rate at which the automatic sampler transports 
samples between the off-line purification system and the mass spectrometer. This is due 
to the ability of the apparatus to purify the samples for injection in an off-line parallel 
system, that is optionally a volatile buffer, a buffer that reduces concentration of ionic 
species, an ion exchange resin, an organic solvent, or a solid support, e.g., to bind an 
1 5 enzyme or other component. 

In another aspect, the apparatus of the invention comprises a computer and 
software opcrably coupled to the apparatus for recording and analyzing mass 
spectrometer data and for controlling the automatic sampler. 

20 BRIEF DESCRIPTION OF THE FIGURES 

Figure I shows the enzymatic conversion of atrazine to hydroxyatrazine by 



atzA. 



Figure 2, panels A and B show MS/MS plots of Atrazine. 

Figure 3 is a graph showing relative abundance versus time. 

Figure 4 is a schematic overview of an exemplar high throughput method 



of the invention. 



Definitions 

The term "non-column-separated component" refers to components or 
materials of interest, e.g., that are injected into a mass spectrometer, without prior in-line 
sequential separation, e.g., on a chromatography column. Without a sequential in-line 
separation, the components are optionally analyzed in a high throughput system. Parallel 
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syslems thM a „ow component , * ^ °' «P— - " ProdU " d a "°' A 

. contlltlor , s » or "off-l,ne parallel punfieauon sysrem" or "off-line parallel 
growing conditions h ,„ refer to a new method of sample preparation. 

without a time-consuming sequenu y 

. nnd their reaction conditions are adjusted or modulated, e. e .. 

,, lnn ,. nd ,-eaction conditions are optimized, e.g., to ooi v 

Ihal ha ve been t.ans - - ^ ^ ^ ^ enzym£s „ bound to 

c ,„ „,„,,„, are W ^ P ^ ^ and * cel, 

20 th e sapper, or en me r o ^ ^ ^ ^ ^ ^ ^ ^ or by 

,ysa,e r:: r i j S o,,d s^. s.^ « ^ » ^ ^ 

rite nng the cel. lysa c H ^ ^ ^ ^ for 

reactions on .he sappo,., .hen*y p q ^ rf 

25 maSne " U - "I P L d in a sample well, e.g., on a eell grow* pi- When ,„e ce,H 
beads are opuonally placed, J via a tag -binding motety on the 

are,yS£d,a8SedC0 T:ral — "m.hesamp.ewelHorfnrrherreae.ron 

h tr^«^-^^----•-- ft --•r p, " 

„r identification. A ^ ^ lagged 

compon T" i — » (rom th£ mcmbrane or 
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"Product or reactant" is used herein to refer to products or reactants, e.g., 
of enzyme catalyzed reactions. The product or reactant is optionally a protein, a peptide, 
a protein or peptide binding molecule, a carbohydrate, a carbohydrate binding molecule, a 
nucleic acid molecule, a polynucleotide, a nucleic acid or polynucleotide binding 
molecule, or a product of a nucleic acid catalyzed reaction. Additionally, the product and 
or reactant is optionally an enzyme or enzyme substrate. The product or reactant is any 
molecule of interest that is to be analyzed by the methods of the invention. 

A "cell growth plate" is used herein to refer to a plate on which cells can 
be grown in an appropriate media. Exemplar plates include 1536, 384 or 96-well 
microliter plates. The plates are used to grow cell colonies. For example cell colonies 
containing gene libraries are picked directly from transformation plates into 1536, 384 or 
96-well microliter plates with appropriate growth media using, for example, a Q-bot from 
Genetix. Additionally, the off-line parallel purification and/or adjustment of reaction 
conditions occurs on the cell growth plate when the products or reactants of interest are 
15 generated. All product generation and purification steps optionally occur in the wells of 
the cell growth plate. In some embodiments, the cell growth plate comprises a solid 
support, e.g., particles, beads, a membrane, a set of pins, or the like, for binding one or 
more components, e.g., enzymes, e.g., after cells are lysed. For example, each well of a 
microtitcr plate optionally comprises one or more agarose beads, e.g., beads comprising 
20 avidin or streptavidin to which enzymes comprising a biotin tag will bind. Alternatively, 
a set of pins is optionally introduced into the wells of the cell growth plate to bind to or 
remove tagged enzymes from the cell lysate. 

A "mass spectrometer" is an analytical instrument that can be used to 
determine the molecular weights of various substances, such as proteins and nucleic 
25 acids. It can also be used in some applications, e.g., to determine the sequence of protein 
molecules and the chemical composition of virtually any material. Typically, a mass 
spectrometer comprises four parts: a sample inlet, an ionization source, a mass analyzer, 
and a detector. A sample is optionally introduced via various types of inlets, e.g., solid 
probe, GC, or LC, in gas, liquid, or solid phase. The sample is then typically ionized in 
the ionization source to form one or more ions. The resulting ions are introduced into and 
manipulated by the mass analyzer. Surviving ions are detected based on mass to charge 
ratio. In one embodiment, the mass spectrometer bombards the substance under 
investigation with an electron beam and quantitatively records the result as a spectrum of 
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f Separation of the .on fragments is on the basis of 

ma ss to ch a rge «. » - r „ ses four elKI , c poles tor 
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the mass analyze,. These q Verlag , 
5 Qua drupole Mass Spectrometry >nd „s ^ ^ ^ , y Basslt r 

and MorHII, Fourth Edt.ton, .98 . n ^ ^ 

,„„iza,,on occu* by an electrrc f.eld that ,s sed g (j w) 

hie of screen** samples a, a rale of from about 100 o, 
spectrometry sysiem tho, ,s capable ol see P 

,00 samples per da, to about 15.000 samples per d ay * P ^ 
are provrded that screen about 200 samples m ess 

throug hpu, mass spectrometry . singlc , nJ ec.io, This 

simultaneously injected. About ln Qther 

abo u, 5 to about 500 samples are pooled or about 5 « *« . P ^ 

opuonally pooled tnto a smgle MS ,„ aboul a „ hour. ., other 

„ hour, thereby screcnin S a total of 20.000 amp ^ ^ ^ 
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samples per day. This is throughput rates as 
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mass spectrometiy systems, 0 

systems, and the like. ^ propagall0 n of cells 

isolated from living t.ssues. A cell ^ ^ 

magnification. The one or more cells 
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from a cell colony may be analyzed as whole cells or in the form of a complete cell lysate 
or a cell supernatant. A purified cell lysate is the product of cell lysis or the complete or 
partial disintegration or breaking up of the cell wall. The cells may be lysed before use in 
the present invention and the resulting cell lysate used to generate the products or 
reactants of interest. Alternatively, the cell supernatant is used to generate components of 
interest. For interest secreted proteins are optionally obtained or purified from cell 
supernatant and used in the methods of the invention. 

As used herein, "purified cell enzymes with added substrates" refers to 
enzymes that have been previously purified from cells or other sources. Substrates are 
then added to the purified enzymes to produce reaction products of interest. This is in 
contrast to the generation of reaction products from whole cells or cell lysates. Whan the 
purified enzymes are attached to a solid support, e.g.. an enzyme reactor, the reaction 
products are optionally purified by washing the solid support or by removal of the 
enzymes from the reaction mixture, e.g., by removal of the solid support. For example 
when enzymes are purified from a cell lysate using pins comprising a tag-binding moiety, 
the pins arc optionally placed into a reaction mixture for the enzyme reaction and then 
removed at the conclusion of the reaction, leaving behind a purified product. 

"Nucleic acid" refers to deoxyribonucleotides or ribonucleotides and 
polymers thereof in either single- or double-stranded form. The term encompasses 
20 nucleic acids containing known nucleotide analogs or modified backbone residues or 
linkages, which are synthetic, naturally occurring, and non-naturally occurring, which 
have similar binding properties as the reference nucleic acid, and which are metabolized 
in a manner similar to the reference nucleotides. Examples of such analogs include, 
without limitation, phosphorothioates, phosphoramidites, methyl phosphonates, 
25 chiral-methyl phosphonates, 2-O-methyl ribonucleotides, peptide-nucleic acids (PNAs). 

The terms "polypeptide," "peptide" and "protein" are used interchangeably 
herein to refer to a polymer of amino acid residues. The terms apply to amino acid 
polymers in which one or more amino acid residue is an analog or mimetic of a 
corresponding naturally occurring amino acid, as well as to naturally occurring amino 
30 acid polymers. 

The term "amino acid" refers to naturally occurring and synthetic amino 
acids, as well as amino acid analogs and amino acid mimetics that function in a manner 
similar to the naturally occurring amino acids. Naturally occurring amino acids are those 
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• Hp well as those amino acids thai are later modified, e.g.. 
encoded by the geneuc code, as th ^ ^ 

„w v carboxvulutamate, and O-phospnoseiine. .-v 
^ ; n ™ basic chcm.ca, structure as a naturally o=c Um n S amino 

compounds thai have amjno oup md 

acid , = . an a carbon .ha, is bound ,o a hydrogen, a carbox>l „r p. 

homoserine norleucne, methiontne sulfox.de. merh.omne methyl 

, h hv a reaction that has been catalyzed by an enzyme. Enzymes re.u 

e „ ,„ccta»a B product of a hammerhead or ha.rp.n nbozvme. 
20 a " C " ZymC - S T m-p ro lb, n d i n Sm o,ccu 1 e--,su S cdhere,n,ore,er l o :y 

mo , c c U ,eJl-rLrac lS »,hapro t e,n.. 1 nc 1 ude,b U ,,snon,m, l ed l o,o te 

rhnhvdrates lipids, nucleic acids and the like. 
P--— ^ ..l rboM ra,c ..incudesanyofaia.ecassofcarbon.h^n. 

,« l, includes bu, is no, limited to sugars and their polymers, e.g.. 
W °T 7T1 Z IcUulose. and polyhydroxyaldehydes, polyhydroxy.tones. 

u k- or interacts with a carbohydrate, either specifically or non- 

50 ^.tSlT-u«.-«^— 
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The term "enzyme » as used herein, generally refers to a protein which acts 
as a catalyst to reduce the activation energy of a chemical reaction in other compounds or 
"substrates." 

The term "substrate with one or more hydrophobic moieties" is used 
> herein to refer to a substrate that comprises a molecule that has at least one, and possibly 
more, hydrophobic group or portion. 

An "inorganic ion" is an ion which does not comprise an organic 

component. 

"Oligosaccharide" refers to a relatively short molecular chain made up of 
about 10 to about 100 simple sugars or monosaccharide units. 

The term "hydrophobic molecule" refers to any molecule or portion of a 
molecule which has an affinity for oil at an oil-water interface. A "hvdrophilic mo-ecu.c" 
refers to molecule or any portion of a molecule that has an affinity for water at an oil- 
water interface. 

The term "library" is used herein to refer to gene libraries, e.g., produced 
by mutagenesis, recombination, directed evolution, shuffling, or other diversity 
generating techniques; enzyme libraries; combinatorial or chemical libraries; naturally 
occurring libraries; e.g., of microorganisms; libraries of non-bio.og.cal compounds and 
the hke. "Library of related gene sequences" is used here.n to refer to a group of similar 
gene sequences, for example gene sequences encoding enzymes or enzyme subunks that 
have been evolved or shuffled to create new and/or related genes that encode enzvmes 
w,th the ability to act on a new substrate, or for enhanced catalytic properties with an old 
substrate, either alone or in combination with other genes. In some embodiments a 
library comprises a group of genes that have been fused to a sequence encoding a specific 
tag, e.g., a biotin tag. For example, the expression products of such a library are then 
optionally bound to a solid support comprising a tag-binding moiety, e.g., avidin or 
streptavidin, that binds the specific tag. 

As used herein, "biological matrix" refers to the fluid, substance, or 
reaction mixture or growth medium in which a cell is grown. The products and reactants 
of interest in the invention are optionally generated and/or purified in the biological 
matrix. The biological matrix is typically similar to the native environmental conditions 
of the enzyme or substance of interest. In some embodiments, the enzymes, e . ta-ed 
enzymes, are removed from the biological matrix by binding to a solid support e - °" 
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oogenous DNA may , ^ ^ ^ „ a „ 

DNA roki » g up ,ne ^^ , ltairf6 J iM refers „ any way .r g5ll ,„ g . 



15 in vivo. 



A ..piasmid" is a DNA molecu.c w, lh an ong.n of replicaoon. The 
H ana* of bc.no replicated in one or more host ceil types. Because a p.asmtd 

10 ■ For example the ttenerauon of the products or reacts of interest ,n tne 

same n *» example, - ,„ thc ofH , nc p aI a„el 

, her An automatic sampler is used for example, to transport samples 
reagents to or from the cell growth plate. 
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DETAILED DISCUSSION 

Mass spectrometry has been used to detect metabolites in biological fluids 
and to monitor enzyme reactions. See, e.g., "Quantitative Electrospray Mass 
5 Spectrometry for the Rapid Assay of Enzyme Inhibitors. Wu et al.. Chemistry and 
Biology, 9/19/97, 4, P 653. In one embodiment, the present invention uses the inherent 
capacity of electrospray MS to monitor enzyme reactions and their reaction products by 
adapting a high throughput flow injection analysis. Using the method of the present 
invention, a sample , s injected directly into a mass spectrometer without any column 
separation and analyzed instantly. The speed of the analysis is limited only by the 
motoric movements of the autosampler used to inject the samples. Thus, an entire 96- 
well microtiter plate of samples is typically run in less than an hour. Autosampler 
companies, such as Gilson and CTC Analytics are currently workup to increase the 
throughput to one plate in 10 minutes, which would then allow for about 570 injection, 
per hour or about 13,000 injections into a mass spectrometer in a day. If samples are 
pooled, e.g., about 2 to about 1000 samples are combined and injected simultaneously, 
then the screening rate increases to about 1000 samples per hour to about 575,000 
samples per hour or about 25,000 samples per day ,o about 1 3 million samples or more 
per day. 

One aspect of the present mass spectrometry method is that the samples 
are purified off-line so that an in-line sequential chromatography step is not necessary A 
liquid chromatography (LC) step, to separate the components, is usually coupled to the 
mass spectrometer (MS) in a sequential fashion so that the limiting factor in mass 
spectrometry throughput is the speed at which the LC can process components. With an 
off-line purification system, such as the one herein, the speed of mass spectrometry 
analysis is not limited by a sequential purification step. The mass spectrometry 
throughput in this invention is typically rate dependent on how fast the automatic sampler 
can transport and inject the samples into the mass spectrometer. 

To analyze enzyme reactions using high-throughput mass spectrometry, 
first a single colony of cells must be picked and grown. Second, enzyme products are ' 
generated using whole cells, complete or partial cel. lysates, or purified enzymes to which 
substrates have been added. Third, the products generated from the biological matrix are 
punned in an off-line parallel purification system. Fourth, flow injection analysis is 
performed using tandem mass spectrometry. 
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Appl.cations for high-throughpu, MS indude bu, are no. Itmited to 

metabolites that correlate win Dres cribed drue 

•^^Affrrt^ofdruo trials, momtonng effects or prestnoc 

. R nlants and food and drink items, such as grain or wtne. In another 

hie for svn.hests of commercially valuable plant products, such a. 
PMh " a 7H oMd c-n of the effects of gene transformat.on on metabolite 

h u, MS is a,so usefu, for s.mtlar analyses ,„ bactenal and vtral systems. In a 

directed evolution or shuffling. 

I. Integrated system elements 
M-A-ino Libraries 

, , m ,ke librtries which are screened by the high throughput 
— lCCh " 0,0g ': I pes of .ibraries are also available and are opttonally 

mclh ods of the tn.enuo, ^ ^ „ f composlt ions or compounds ,n the 

present tnvent.on ,s Ur. c ^ c(jmposillons , dra gs, 

,ar,an. genes or Itbra y ^ ^ combin3M gene 

30 assembly. Oeneltbra The presem met h„ds are opttonally uses to screen 

are well known to those of skill in the art. 
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Making libraries typically includes the construction of recombinant nucleic 
acids and the expression of genes in transfecled host cells. Molecular cloning techniques 
to achieve these ends are known in the art. A wide variety of cloning and in vitro 
amplification methods suitable for the construction of recombinant nucleic acids such as 
5 expression vectors are well known to persons of skill. General texts which describe 

molecular biological techniques useful herein, including mutagenesis, include Berger and 
Kimmel, Guide to Molecular Cloning Techniques. Methods in Enzvmology volume 152 
Academic Press, Inc., San Diego, CA (Berger); Sambrook et al., Molecular Cloning - A 
Laboratory Manual (2nd Ed.), Vol. 1-3, Cold Spring Harbor Laboratory, Cold Spring 
10 Harbor, New York, 1989 ("Sambrook") and Current Protoc ols in Molecular Rmlnav 
RM. Ausubel et al., eds., Current Protocols, a joint venture between Greene Publishins 
Associates, Inc. and John Wiley & Sons, Inc., (supplemented through 1999) ("Ausubel")). 
Examples of techniques sufficient to direct persons of skill through in vitro amplification 
methods (useful for making library nucleic acids), including the polymerase chain 
15 reaction (PCR) the iigase chain reaction (LCR), Q -replicase amplification and other 
RNA polymerase mediated techniques (e.g., NASBA) are found in Berger, Sambrook, 
and Ausubel, id., as well as in Mullis et al, (1987) U.S. Patent No. 4,683,202; PCR 
Protocols A Guide to M ethods and Applications (Innis et al. eds) Academic Press Inc. 
San Diego, CA (1990) (Innis); Arnheim & Levinson (October 1, 1990) C&EN 36-47; 
20 The Journal Of NIH Research (1991) 3, 81-94; Kwoh et al (1989) Proc. Natl. Acad. Sci. 
USA 86, 1 173; Guatelli et al (1990) Proc. Natl. Acad. Sci. USA 87, 1874; Lome!! et al 
(1989)J.Clin.Chem 35, 1826; Landegren et al, (1988) Science 241. 1077-1080; Van 
Brunt (1990) Biotechnology 8, 291-294; Wu and Wallace, (1989) Gene 4, 560; Barringer 
et al (1990) Gene 89, 1 17, and Sooknanan and Malek (1995) Biotechnology 13: 563-564. 
25 Improved methods of cloning in vitro amplified nucleic acids are described in Wallace et 
al, U.S. Pat. No. 5,426,039. Improved methods of amplifying large nucleic acids by 
PCR are summarized in Cheng et al (1994) Nature 369: 684-685 and the references 
therein, in which PCR amplicons of up to 40kb are generated. One of skill will appreciate 
that essentially any RNA can be converted into a double stranded DNA suitable for 
30 restriction digestion, PCR expansion and sequencing using reverse transcriptase and a 
polymerase. See, Ausubel, Sambrook and Berger, all supra. 

Methods of transducing cells, including plant and animal cells, with 
nucleic acids as in library construction are generally available, as are methods of 
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expressing proteins encoded by such nuc,e,c acids. In addition to Berger, Ausubel and 
slroo; 1 M geneml recces for culture of an,™, cells include Freshness 

.Msm^*^*' lhird edilion w,ley - Uss ' . 

(1994 ,) and the references cited .herein, Humason iMMThm^Mm. founn 
, edi.ion W H. Freeman and Company (1979)) and Riccardelii, e, a,.. t^mSMSsL 
Biol 25-1016-1024 (1989). References for plan, cell cloning, cuhure and regenerauon 
~eCde Payne e.al. (1992) PjmC^mim^M ^ in 1 ..quid Systems . John Wiley 
ft Sons inc New York, NY (Payne); and Gamborg and Philhps (eds) (1995, Plants 

TlM dOr^^ Spnnger Lab Mamlal ' Sprin6er - Verlag 

10 (Berlin Hcdelberg New York) (Gamborg,. A varieiy of Cell culture media are descnbed 
in Ada, and Parks (cds) The Handbook of Microbiological Media (1993) CRC Press. 
Boca Raion. FL (Adas). Addiriona, informal for plan, cell cuhure is found ,n 
available commercial li.era.ure such as .he yle^ R^c^^ 
(.998) from Sigma- Aldrich, Inc (S. Uu,s, MO) (Sigma-l^RCCC) and. e.g.. .he ?m 

, 5 am^CUaJp^ue and supp.cmen. (1997) also from Sigma-Aldnch, Inc (S. Lou.s, MO) 
(Siema-PCCS). 

A varieiy of diversi.y generating/product screening reac.ions arc opuonally 
used ,o produce libraries <ha, are opuonally screened by .he me.hods provided Keren. 
For example libraries of related enzyme encoding genes are opuonally expressed and .he 
,0 producs of .he enzyme reac.ions purified and analyzed in a high .hroughpu, forma, by 
" mass spectroscopy as descnbed herein. One important Cass of such d.ve.i.y generating 
reacions is so called »nucle,c acd shuffling" or "DNA shuffling". In these methods, any 
of a varie., of recombina.ion-based divensi.y generaung procedures can be used ,o 
diversify starting nucleic acids, or organisms comprising nuc.ee acids, or even .o 
„ diversify chancer s.rings which are "in s.lico" (in compu.er, repr=sen.a.ions of nucle.c 
acids Diverse nucleic acds/charac.er s.nngs/orga„,sms which are genera.ed are 
, ypi cally screened for on. or more activity. Nucleic acids, characer strings, or organisms 
wh.ch comprise nucleic acids are ihen used as subs,ra,es ,n subsequen, recomb,na„on 
reacions. ,he products of which are. again, screened for one or more ac,,v„y. This 
30 process is repeated recursively until one or more desirable prcOuc, is produced. 

A variety of diversi.y generaung pro.ocols. including nucleic acid 
shufflin. protocols, is available and fully described ,n the art. The following publications 
describe a vane.y of recursive recombination procedures and/or methods which can be 
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incorporated into such procedures, as well as other diversity generating protocols: 
Stemmer, et al., (1999) "Molecular breeding of viruses for targeting and other clinical 
properties. Tumor Targeting" 4:1-4; Nesset et al. (1999) "DNA Shuffling of subgenomic 
sequences of subtilisin" Nature Biotechnology 17-scn.gor,- Chang et al. (1999) 
"Evolution of a cytokine using DNA family shuffling" Nature Biotechnology !7-7cn.707- 
Minshull and Stemmer (1999) "Protein evolution by molecular breeding" Current 
Opinion in Chemical Biology 3:284-290; Christians et al. (1999) "Directed evolution of 
thymidine kinase for AZT phosphorylation using DNA family shuffling" Nature 
Biotechnology 17:259-264; Crameriet al. (1998) "DNA shuffl.ng of a family of genes 
from diverse species accelerates directed evolution" Nature 391:288-291; Crameri et a! 
(1997) "Molecular evolution of an arsenate detoxification pathway by DNA shuffling," 
Nature Biotechnology 15:436-438; Zhang et al. (1997) "D.rected evolution of an effective 
fucosidasc from a galactosidase by DNA shuffling and screening" Proceedings of thn 
National Academy of Sciences, I I.S A 94:4504-4509; Patten et al. (1997) "Applications 
of DNA Shuffling to Pharmaceuticals and Vaccines" Current Opinion in Biotechnology 
8:724-733; Crameri et al. (1996) "Construction and evolution of antibody-phage libraries 
by DNA shuffling" Nature Medicine 2:100-103; Crameri et al. (1996) "Improved green 
fluorescent protein by molecular evolution using DNA shuffling" Nature Biotechnology 
14:315-319; Gates et al. (1996) "Affinity selective isolation of ligands from peptide 
20 libraries through display on a lac repressor 'headpiece dimer"' Journal of Molecular 
Biology 255:373-386; Stemmer (1996) "Sexual PCR and Assembly PCR" In: The 
Encyclopedia of Molecular Biology , VCH Publishers, New York. pp. 447-457; Crameri 
and Stemmer (1995) "Combinatorial multiple cassette mutagenesis creates all the 
permutations of mutant and wildtype cassettes" BioTechniq i.es 18:194-195; Stemmer et 
al., (1995) "Single-step assembly of a gene and entire plasmid form large numbers of 
oligodeoxyribonucleotides" Gene, 164:49-53; Stemmer (1995) "The Evolution of 
Molecular Computation" Science 270: 1510; Stemmer (1995) "Searching Sequence 
Space" Biotechnology 13:549-553; Stemmer (1994) "Rapid evolution of a protein in 
vitro by DNA shuffling" Nature 370:389-391; and Stemmer (1994) "DNA shuffling by 
30 random fragmentation and reassembly: In vitro recombination for molecular evolution." 
Proceedings of the Nationa l Academy of Sciences, f J SI A 9 1 : 1 0747- 1 075 1 . 

Additional details regarding DNA shuffling and other diversity generating 
methods are found in U.S. Patents by the inventors and their co-workers, including: 
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Unlred S,a,es »». ,0 Sremmer <F*n«y 25, ,997,, "METHODS FOR ,N 

V,TRO RECOMBINATION;" Unued S.a.es Pa.cn. 5J» • -MS » S.emmer e. a, 
(Sep.ember 22. I99 8 , "METHODS FOR GENERATING POLYNUCLEOTIDES 
hIvINO DESIRED CHARACTERISTICS BY ITERATIVE SELECTION AND 
RECOMBINATION;" UnKed S,a,es Pa,en. 5,830,72. «, Summer « al. (November , 
1998 ) "DNA MUTAGENESIS BY RANDOM FRAGMENTATION AND 
REASSEMBLY;" Unued S.a.es Pacen, 5.834.252 ,0 S.emmer. e, a,. (November ,0, 
,998) "END-COMPLEMENTARY POLYMERASE REACTION," and U„,.ed S.a l:i 
Pa.en. 5 837,458 ,o M.nshull, e. a,. (November 17. .998), "METHODS AND 
COMPOSITIONS FOR CELLULAR AND METABOLIC ENGINEERING." 

In addiuon, deurils and formats for DNA shuffling and outer Avers,.; 
derating protocols are found i„ a variety of PCT and foreign paten, applicatton 
licationl including: Stcmmcr and Crameri, "DNA MUTAGENESIS BY RANDOM 
FRAGMENTATION AND REASEMBLY" WO 95/22625; Stemmer and Upscnuu 
"END COMPLEMENTARY POLYMERASE CHAIN REACTION" WO 96/3320 
Stemmer and Cramen "METHODS FOR GENERATING POLYNUCLEOTIDES 
HAVING DESIRED CHARACTERISTICS BY ITERATIVE SELECTION AND 
RECOMBINATION" WO 97/0078; Minshul and Stemmer, "METHODS AND 
COMPOSITIONS FOR CELLULAR AND METABOLIC ENGINEERING" WO 

.. TARGBnNG OF GENETIC VACCINE VECTORS" WO 
97/35966; Punnonen el al. TAKOfciiriu -J „,,,„-, 
99/4.402; Punnonen e. a,. "ANTIGEN LIBRARY ,MMUN,ZATION" WO 99/4 .3; 
Punnonen e, a>. "GENETIC VACCINE VECTOR ^"^Z^O, 
Punnonen e, a,. OPTIM.ZATION OF IMMUNOMODULATORY PRO ERTOS 0 
GENETIC VACCINES WO 994,368; S.emmer and Cramen, "DNA MUTAGENESIS 
BY RANDOM FRAGMENTATION AND REASSEMBLY" EP 0934999; S.emmer 
"EVOLVING CELLULAR DNA UPTAKE BY RECURSIVE SEQUENCE 
RECOMBINATION" EP 0932670; S.emmer e, a,.. "MODIFICATION OF VIRUS 
TROPISM AND HOST RANGE BY VIRAL GENOME SHUFFLING WO 992M07. 
Ap , e. a, "HUMAN PAPILLOMAVIRUS VECTORS" WO 992.979; Del Cardayre e, 
, a,. "EVOLUTION OF WHOLE CELLS AND ORGANISMS BY RECURSIVE 
SEQUENCE RECOMBINATION" WO 983.837; Patten and S.emmer. "METHODS 
AND COMPOSITIONS FOR POLYPEPTIDE ENGINEERING" WO 9827230; 
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Stemmer et al., and "METHODS FOR OPTIMIZATION OF GENE THERAPY BY 
. RECURSIVE SEQUENCE SHUFFLING AND SELECTION" W098 13487. 

Certain U.S. Applications provide additional details regarding DNA 
shuffling and related techniques, as well as other diversity generating methods, including 
"SHUFFLING OF CODON ALTERED GENES" by Patten et al. filed September 29, 

1998, (USSN 60/102,362), January 29, 1999 (USSN 60/117,729), and September 28, 

1999, USSN09/407,800 (Attorney Docket Number 20-28520US/PCT); "EVOLUTION 
OF WHOLE CELLS AND ORGANISMS BY RECURSIVE SEQUENCE 
RECOMBINATION", by del Cardyre et al. filed July 15, 1998 (USSN 09/166,188), and 
July 15, 1999 (USSN 09/354,922); "OLIGONUCLEOTIDE MEDIATED NUCLEIC 
ACID RECOMBINATION" by Crameri et al., filed February 5, 1999 (USSN 

60/1 18,813) and filed June 24, 1999 (USSN 60/141,049) and filed September 28, 1999 
(USSN 09/408,392, Attorney Docket Number 02-29620US); and "USE OF CODON- 
BASED OLIGONUCLEOTIDE SYNTHESIS FOR SYNTHETIC SHUFFLING" by 
Welch et al., filed September 28, 1999 (USSN 09/408,393, Attorney Docket Number 02- 
010070US); and "METHODS FOR MAKING CHARACTER STRINGS, 
POLYNUCLEOTIDES & POLYPEPTIDES HAVING DESIRED 
CHARACTERISTICS" by Selifonov and Stemmer, filed February 5, 1999 (USSN 
60/118854) and USSN 09/416,375 filed October 12, 1999. 

As review of the foregoing publications, patents, published applications 
and U.S. patent applications reveals, recursive recombination of nucleic acids to provide 
new nucleic acids with desired properties can be carried out by a number of established 
methods and these procedures can be combined with any of a variety of other diversity 
generating methods, e.g., to produce libraries that are optionally screened as described 
herein. 

In brief, at least 5 different general classes of recombination methods are 
applicable to the present invention and set forth in the references above. First, nucleic 
acids can be recombined in vitro by any of a variety of techniques discussed in the 
references above, including e.g., DNAse digestion of nucleic acids to be recombined 
followed by ligation and/or PCR reassembly of the nucleic acids. Second, nucleic acids 
can be recursively recombined in vivo, e.g., by allowing recombination to occur between 
nucleic acids in cells. Third, whole genome recombination methods can be used in which 
whole genomes of cells or other organisms are recombined, optionally including spiking 
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thereby generatin 0 tn . n ucleotide synthet.c 

TC«« aco mpUt er,oreeo mb ,nese,ue nC es ri n g sw h ,cH correspond 
algon ,„ms a e us „ 0 „. homologous fences, Tbe resuMng 

oiigonucleoude synthes.s, fashl0n l0 gcnera , e a more d.verse 

MSmemodsp— » ws[-ttoJjtebB[ — « 

t - DoonTYiless of the format which is used, 

dlV ers„y uscfu, for fbe engineer of procems. P *ays. ecUs and 1 organism, ^ 

, -baracrerista In addi.ion ,o ,he basic forma.s descnbed above, ,. ,s 
,mPr ° "^ne me.odoio.es ofbcr ,ecbn,c,es for 

S ° m£ " ^ n con )U nc,ion wi,b (or separa.ciy from, sb U ffHn g meibods, a 

30 merhods Mu,a=enesis me.bods include, for exampie. recombmauon (PCT/US9 ,0 
30 methoas. ivi .. H ;«»rted mutagenesis (for review see, Smith, 

Publ. No. W09S/42727): ol.gonucleoude-d.rectcd muta 0 l 
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AnnJSE ^ s , 7 (1 986);Kun k el, "The efficiency of oHgonucleotide 
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directed mutagenesis" in Nucleic acids & Molecular Biology . Eckstein andLilley, eds., 
Springer Verlag, Berlin (1987)). Included among these methods are oligonucleotide- 
directed mutagenesis (Zoller and Smith, Nucl. Acids Res. 10: 6487-6500 (1982), Methods 
in Enzymol. 100: 468-500 (1983), and Methods in Enzvmol. 154: 329-350 (1987)) 
5 phosphothioate-modified DNA mutagenesis (Taylor et al., Nucl. Acids Res. 13: 8749- 
8764 (1985); Taylor et al., Nucl. Acids Res. 13: 8765-8787 (1985); Nakamaye and 
Eckstein, Nucl. Acids Res. 14: 9679-9698 (1986); Sayers et al., Nucl. Acids Res. 16:791- 
802 (1988); Sayers et al., Nucl. Acids Res. 16: 803-814 (1988)), mutagenesis using 
uracil-containing templates (Kunkel, Proc. Nat'l. Acad. Sci. USA 82: 488-492 (1985) and 
10 Kunkel et al.. Methods in Enzymol. 154:367-382)); mutagenesis using gapped duplex 
DNA (Kramer et al., Nucl, Acids Res. 12: 9441-9456 (1984); Kramer and Fritz, Methods 
in Enzymol. i 54:350-367 ( 1987); Kramer et al.. Nucl. Acids Res. 16- 7207(1988)); and 
Fritz et al., Nucl. Acids Res. 16: 6987-6999 (1988)). Additional suitable methods include 
point mismatch repair (Kramer et al., Cell 38: 879-887 (1984)), mutagenesis using repair- 
15 deficient host strains (Carteret al., Nucl. Acids Res. 13: 4431-4443 (1985); Carter 

Methods in Enzymol. 154: 382-403 (1987)), deletion mutagenesis (Eghtedarzadeh and 
Henikoff, Nucl. Acids Res. 14: 51 15 (1986)), restriction-selection and restriction- 
purification (Wells et al., Phil. Trans. R. Soc. Lond. A 317: 415-423 (1986)), mutagenesis 
by total gene synthesis (Nambiar et al., Science 223: 1299-1301 (1984); Sakamar and 
'0 Khorana. Nucl. Acids Res. 14: 6361-6372 (1988); Wells et al., Gene 34:315-323 (1985); 
and Grundstrom et al., Nucl. Acids Res. 13: 3305-3316 (1985). Kits for mutagenesis arc 
commercially available (e.g., Bio-Rad, Amersham International, Anglian Biotechnology). 

Following recombination, any nucleic acids which are produced are 
optionally selected for a desired activity. In the context of the present invention, this can 
5 include testing for and identifying any activity that can be detected in an automatable 
format, by any of the assays in the an. A variety of related (or even unrelated) properties 
can be assayed using any available assay and then screened, e.g., using high throughput 
MS. 

In addition, any of the described shuffling techniques can be used in 
conjunction with procedures which introduce additional diversity into a genome or 
library. Example methods are described in Schellenberger U.S. Patent No. 5,756,316, 
describing chimeric nucleic acid multimers; and in U.S. Patent No. 5,965,408 describino 
chain termination methods of diversity generation. In addition, diversity can be further 
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leased b y using methods » - ^ "'"^ "I" 

Con fl ,he crea.ion of hybrid enzy.es (ITCHY) descnbed ,n Os.erme.er e a, 

^ stral e for one or more rounds o„n v,tr„ or ,n v,vo shuff.,ng methods. 
rKodsforsenera.rnsandns.nsnruH.spec.ese^ss.onn.rariesHave.eendescn.ea, 

e„ in U.S. Patent Nos. 5.783,431; 5,824,485. 

Any of these diversity generating methods ean be combtned with each 
Mher or with shu,n,ng reacttons, in an, combtnation selected by the user, to produce 
Lle.c acid divert, which may he screened for ustng any available screemng method. 

For example, a hbrary of diverse nucletc acids ,s optionaliy expressed and the 
l p onen,sof,n,eres,p U rif,edandscree„edb,h,gh,hronghpu,MSasdescnbedhere,„. 

rvnornwih Plates 

The cell growth plates of the invention are optionally 1536, 384 or 96-well 

rai crot„er plates, or the Bke. For example cell colontes contatntng gene libranes arc 

"Id dirlly from tr—on plates ,n,o 153, ,84 or *-we„ mtcrottter p,at« 

containing appropnate growth media ustng, for exampie, a Q-bo, from Gene,,, The 

maximum speed of ,hc Q-bo„s abou, 4000 colonies per hour. 

The micro,i,erpla,es are ,yp,ca„y,ncuba,ed,n a P U„e shaker for cell 

.rowth e.,. ,yp,cally for , day ,0 abou, 2 weeks depending on ,he organism. Media and 
;„ e ,.ow,'h co„d,„ons are approbate to the pan.cular cells which are incubateo. 

The cell orowth plate is also used for product generation when, for 
example enzyme reactions are being studied. Products of reactions between enzymes 
„ d — are of interest when evolving new functional enzymes. These products and 
he reactants should be analyzed ,n a high-throughpu, method so ,ha, many members of 
the enzyme gene hbrary can be analyzed in a short penod of t,me. To allow h,g • 
throughpu, measuremen, of ,he producs and reac.an.s. ,he products are opt.ona ly 
.enerlted as pa. of the automated system of the invention. Therefore, any product 
, 0 I nerauon steps tha, must be undertaken ,n the assay are opuonally performed on ,he cel, 
' :,,w,h p,a,e. After generation of products, the samples, e.g.. the products anchor 
reactants, are optionally purified for injectton ,n,o a mass spectrometer lor analysts. 
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Off-line purification system 

The off-line parallel purification system of the invention allows high- 
throughput mass spectrometry analysis because it allows the samples to be purified in a 
system that is not sequentially tied to and slowing down the mass spectrometry analysis. 
The system allows for off-line parallel purification of the products and/or reactants with 
no time-consuming column separation. 

The off-line parallel purification of the invention is performed as part of 
the product generation on the cell growth plate. In this way the system allows all samples 
to be sufficiently purified for mass spectrometry analysis without a column separation 
that is performed sequentially and in-line with the mass spectrometer. To do this the 
system provides a chemical purification step that is selected based on the type of sample, 
e.g., reactant and/or product, analyzed. Furthermore, this chemical purification step can 
be performed in the wells of the cell growth plate in the off-line system of the invention. 

For example, the off-line chemical purification step optionally comprises 
the use of a different or additional buffer when generating the products and/or reactants of 
interest. Alternatively, the off-line parallel purification system comprises the use of an 
ion exchange resin when generating the reactants and/or products of interest. By thus 
preparing the sample as it is produced, the system of the invention takes no additional 
time for purifying and/or separating the components to be analyzed. 

Alternatively, the purification system comprises a component reactor, e.g., 
an enzyme reactor, that produces purified products for direct injection into a mass 
spectrometer. A component reactor, as used herein, refers to a solid support which is 
used to remove components of interest from a cell lysate or to remove a cell lysate from 
the components of interest, e.g., by attaching the components to the solid support. 
Components of interest, include, but are not limited to. nucleic acids, polynucleotides, 
proteins, polypeptides, enzymes, carbohydrates, lipids, and the like. For example, 
proteins, enzymes, peptides, or the like that have been tagged, e.g., by fusing a sequence 
for a specific tag to the gene that encodes, e.g., the enzyme, peptide, or protein, are 
optionally purified and immobilized on the solid support, e.g., in a specific and stable 
manner, thus forming, e.g., an enzyme reactor. Typically, the enzymes, proteins, or 
peptides are removed from a cell lysate by binding the tagged enzymes to a tag binding 
moiety immobilized on the solid support. For example, enzymes or other proteins are" 
expressed in cells and the cells are lysed , e.g.. using EDTA, lysozyme. DTT, PMBS. 
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th, like If secreted prote.ns are the component of interest, no lysis is 
enzymatically to any library component of .merest. e._-., 

Sma ''° r8amC tr: g eacornpo„en,sare, h e„e,pose,,oa l a gl> ,na i n 8m at„xors„,,, 
• • , ™ binding moiety. Examples of tag binding molecules and 

ZLs a tag Ending moiety, e.g.. a molecule that binds ,0 the specific tag on , e 

, Z . — — — op " ora ' so " d suppons mclude ' b TT' 

„, ispensa* bead, or particles, e.g., agarose, poiysiyrenc, or — bead* . 
JL, microweii piates or p,ns. The -ag g ea enzymes or proteins bind to the tag 
bi „ d ,n, moiety on the solid support. The unbound .arena, is either dispensed or 
^fugcd or sucked away, e.g., in the case of beads or membranes. Magnet.c bead. r C 
, 5 p ,„„a , separated from the unbound fraction by magnets, e.g., tha, remove the * s 

L throughput because the purification takes so Uttie time. Washtng ,s option* 
^ormed'aL remova, of the unbound materia,, in an ana,o 8 ous fashio. The sohd 
,0 support is washed with, e.g.. a buffer, before performing reactions. 

The ta^ed component immobilized on the sohd support, e.g., ■» a punfied 
and stable fomiat. the^y P-des a reactor, e.g.. an enzyme reactor. Reactions are 
opttonany carried ou, on the soiid supper, and the tagged components, e.g., ^ 

„ , a ide:mponen,sarebound.ou,ofa re ac,ionwe>l..Theremovaiof,he,a g ged 

components iea.es behind a punned product, e.g.. that ,s optionally injected dtreCy tnto 
mas spectrometer. » or NMR speetromete, or the HUe without further punftcatton or 
derialation. Alienee methods of detection of the resuhs tneiude measurement o, 
chromogenic or fluorogemc substrates and/or products. 

One extremely stable interaction that ,s optionally used to provtde 
reactor as dcscnfcd above utilizes the bindtng of b.otrn to avid, or biotin to strewn. 
Avidin and strcptav.din are optionally immobilized on a variety of sohd supports 

rentiers e° magnetic beads, agarose beads, or membranes, 
available from a variety ol supplieis, e.g., ma-neu 
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An enzyme is typically biotinylated in vivo by genetically fusing a special peptide tag to 
the N- or C- terminus of the enzyme while expressing the protein. See, e.g., Schatz 
(1993) Biotechnology 11, 1138-1143. The biotin-holoenzyme ligase recognizes those N- 
or C- terminal peptides as substrates and biotinylates a lysine residue in that peptide. The 
5 level of expression of these new substrates for the biotin-holoenzyme ligase is so hi°h 
typically that not all molecules are biotinylated. Overexpression of the birA gene and 
addition of small amounts of biotin to the expression medium circumvents this problem. 
See, e.g., Smith et al. (1998) Nucleic Acids Res. 26, 1414-1420. Because of 
overexpression of the recombinant enzyme the amount of BCCP bound in the reactor is 
.10 neglected or BCCP knockouts are optionally constructed for expression of the enzyme 
bio-tag fusions. Many variations on the theme of purification and immobilization of 
components of interest, e.g., enzymes, proteins, nucleic acids, or the like, will be evident 
upon further review by those of skill of the art. 

Additional pairs of compounds useful for tagging include, but are not 
15 limited to, biotin and streptavidin, biotin and avidin, maltose binding protein and 

amylose; His-Tag Oligo-his at the N- or C-terminus using immobilized metal chelate 
chromatography with NTA, IDA, TED, and the like as chelators; glutathione-S- 
transferasc and reduced glutathione; strep-tag short artificial streptavidin binding tag and 
streptavidin, epitope tags, such as E-tag, myc-tag, HAG-tag, His-tag, and the like with 
20 monoclonal antibodies; chitin binding domain and chitin; S-tag and RNAse minus S- 

peptide mutant; cellulose binding proteins with cellulose domains; thioredoxin and DsbA 
with Thiobond; hexa-arginine poly-cation-tag with a polyanion column material; IGg and 
other IGg derived peptides with ProteinA or ProteinG minimized peptides; calmodulin 
binding peptide with calmodulin; and histactophilin with IMAC (immobilized metal 
25 chelate chromatography). 

In one embodiment, a library of genes is provided, which genes encode 
one or more tagged enzymes. For example, a sequence for biotin is fused to an enzyme 
sequence to express a tagged enzyme, e.g., in ceils. The cells are optionally lysed and the 
enzymes are typically bound to a tag-binding moiety on a solid support, e.g., a reactor. 
30 The enzymes are then optionally removed and reacted with substrates, e.g., purified 

substrates. The products produced in this manner are then pure enough for analysis, e.g., 
by mass spectroscopy or another high throughput system. Alternatively, the enzymes are 
reacted with substrates in the cell lysate and then removed. In another embodiment, the 
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COmp0 " en,0f,nl , e . using . supper, reactor as desenbed herein, for 

further reaction or analysis, in a 

fUnto re8C tremor as descHhea *ove is op.0,,,, used muWP >e . im es.e,. 

,dC " tifiei The reactors or so.id supports of the presen, inveniton enable the use of 

■r „ — e . in activtty assays, and results ,» a reusable system that « 
punfted enzymes , c ^ provld ,„ g „ 

optionally used with multiple different subs A ,, e n,al,vely the reactor 

1S use d with multiple different substrates a, the same , me^ - 
docs no, have tobepurifted before ^ 

1999. 

„ sill as G„son and CTC Analyttcs. Such samplers function a, rates of about 

„ H,e and add reagents in the off-line parallel purification 

system. For the generate o rf c,, ch robotic handlers include but are 

,„ m.crotiter p,a,es, a Huid handling statton ,s used. Such re boh 

, nr _ Hnfe d bv Beckman instruments and Genetix (c. B ., v 

a ddi„o, several of e ^ ^ 

commercially available, incluain r „ 
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(Zymark Center, Hopkinton, MA; http://www.zymark.com/) and other stations which 
utilize automatic pipettors, e.g., in conjunction with the robotics for plate movement (e.g. 
the ORCA® robot, which is used in a variety of laboratory systems available, e.g., from 
Beckman Coulter, Inc. (Fullerton, CA). 

Robotic sampler handlers are also optionally used to remove enzymes 
from a cell growth plate or enzyme reactor as described above. For example, a robotic 
handler is optionally used to lift a set of pins from a reaction well or to position a magnet 
to lift a set of magnetic beads from a cell growth beads, e.g., beads comprising a tagged 
enzyme. 

Mass spectrometer 

A variety of mass spectrometer instruments are commercially available. 
For example, Micromass (U.K.) produces a variety of suitable instruments such as the 
Quattro LC (a compact triple stage quadrupole system optimized e.g.. for API LC-MS- 
MS) which utilizes a dual stage orthogonal "Z" spray sampling technique. Other suitable 
triple stage quadrupole mass spectrometers (e.g., the "TSQ" spectrometer) are produced 
by the Finnigan Corporation. 

II. Transforming cells 

In one embodiment of the present invention a cell is provided that has been 
transformed with a plasmid containing one or more members of a library of related gene 
sequences. The library of related gene sequences is optionally created by a general 
method for recursive sequence recombination. For example, the method can begin with a 
gene encoding an enzyme or enzyme subunit and evolved for the ability to act . 
substrate, or for enhanced catalytic properties with an old substrate, either alone , 
combination with other genes in a multistep pathway. 

The term "gene" is used herein broadly to refer to any segment or sequence 
of DNA associated with a biological function. Genes are optionally obtained from a 
variety of sources, including cloning from a source of interest or synthesizing from 
known or predicted sequence information, and may include sequences designed to have 
desired parameters. The ability to use a new substrate can be assayed in some instances 
by the ability to grow on a substrate as a nutrient source. In other circumstances such 
ability can be assayed by decreased toxicity of a substrate for a host cell, hence allowino 



on a new 
or in 
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lh e hosl ,o grow in the presence of that substrate. Biosynthes.s of new compounds, such 

lab.ouL, can be assayed sim.l.rly by growth of an Indicator organtsm ,n he 

I!e of the host expresstng the evolved genes. For example, when a„ md.cator 

„d ,n an overlay of the hos, expressmg the evolved gene(s,, wherem the 
org an,sm used ,n an overlay fe growth 

s indicator organism is sensitive or expected to be sensitive to 

It tndtcLr organism would be tnhibtted ,n a Z onc around the hos, cel, or colon, 

members or more. ,n some embodtments, the s.arttng segments and the recombinant 
,„ II generated w„l tnclude ful, length codmg sconces and any cssentta, regulatory 
ence such as a promoter and poiyadenylatton science, for enhanced express, , 
7Z entbodtments, the recombman, DNA segments in the l.brary can be tnsened ,n,o 
, common vector providing sciences necessary for expression before performs 
screcn i„„ or selection. A library contatning rciated genes that encode enzymes ■ 

W oroduced e . by recombinat.on of a p.urahty of related genes. The hbrary ,s 

lodtments. the library compnscs a Itbrar, of enzyme genes that have been used ,0 

lughpul mass spectrometry of the present invention, e.g.. to detect an proved 

t,nrHrri technology well known to those of skill in the art. Bas,c 

i;Krorv -numbers usins standard iecnnoiu c y vv^. 

and Bergcr. all supra. 
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III Growing cells 

,„ .eneral. any type of cell tsopuonally used as a recipten, of evolved 
K nes Cells of pillar interest mclude many bactertal cell types, both gram-negauve 
;„d.ram.posi,ive.suchasRhodococcus.S,rep,omyces,AC,nomyee,es, 
ineba tenum. Pen,c„,,um, Bacillus. Eschertchia co, Pseudomonas. Salmone a and 
Brvla. Cells of tnterest also include eu k aryo„c cells, pa^larly — - 
„ . mouse, hamster, pnmate. human,, both cell li» - P™ary cultures. 
Le stem cells, includtng embryontc stem cells, zygotes, fibroblasts, lymphocytes. 
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Chinese hamster ovary (CHO), mouse fibroblasts (NIH3T3), kidney, liver, muscle, and 
skin cells. Other eukaryotic cells of interest include plant cells, such as maize, rice, 
wheat, cotton, soybean, sugarcane, tobacco, and arabidopsis; fish, algae, fungi 
(Penicillium, Fusarium, Aspergillus, Podospora, Neurospora), insects, yeasts (Picchia and 
Saccharomyces). and the like. 

The choice of host will depend on a number of factors, depending on the 
intended use of the engineered host, including pathogenicity, substrate range, 
environmental hardiness, presence of key intermediates, ease of genetic manipulation, 
and likelihood of promiscuous transfer of genetic information to other organisms. 
Particularly advantageous hosts are E. coli, lactobacilli, Streptomyces, Actinomyces, 
and filamentous fungi. 

In the present invention, single colonies of cells are picked directly from 
transformation plates into 1536, 384 or96-vvell microliter plates or cell growth plates 
with appropriate growth media, such as LB, using, e.g., a Q-bot from Genetix. The 
maximum speed of the Q-bot is about 4000 colonies per hour. The microliter plates are 
typically incubated in a special plate shaker for cell growth. 

Each single colony is grown up to uniformity (this is optionally achieved 
by automating the process, e.g., inoculum size and culture conditions, and providing 
temperature and humidity controlled incubators) in a single microliter well on the cell 
growth plate. In one aspect, library members, e.g., cells, viral plaques, spores or the like, 
are separated on solid media to produce individual colonies or plaques. Using an 
automated colony picker (e.g., the Q-bot, Genetix, U.K.), colonies are identified, picked 
and 10,000 different mutants inoculated into 96 or 384 well microtiter dishes, that 
optionally contain about 2 or 3 glass balls/well, e.g., 3 mm glass balls. The Q-bot does 
not pick an entire colony, but rather inserts a pin through the center of the colony and 
exits with a small sampling of cells, (or mycelia) and spores (or viruses in plaque 
applications). The time the pin is in the colony, the number of dips to inoculate the 
culture medium, and the time the pin is in the medium each affect inoculum size, and 
each can be controlled and optimized. The uniform process of the Q-bot decreases 
human handling error and increases the rate of establishing cultures (roughly 10.000/4 
hours). These cultures are then shaken in a temperature and humidity controlled 
incubator. The glass balls in the microtitre plates, if used, act to promote uniform 
aeration of cells and the dispersal of mycelial fragments similar to the blades of a 
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fermen.er. For example, S,rep,omyces tend to clump together during culture, but regain 
relatively homogenous ,n culiure if glass beads are added dunng m,x,ng. 

IV Generating cell components of interest. 

, ' m one embodiment of the invention, one or more cells or clones, or a cell 

' colony ,s then treated in one of several ways to inmate product formation from, for 
example, enzyme — pathways of the cells, .f enzyme or protein expression was 
purposely suppressed dunng cel, growth, expression can be tnduced b, remov.ng the 
suppressor or by adding activator molecules. 
m Cells that contain active enzymes can be lysed and treated w.th 

permeabi„z,„g agents to enable buiky and-or strongly tonic substrates ,„ penetrate cel, 
walls This ,s especially cmical for gram-negattvc bacena like E. col, Some cel. 
components, e.g.. enzymes or protetns, are secreted mto the media (,,.. if expressed ,n 
gram-posi.ive bacteria lite bacillus w,,h an appropnate signal sequence, in which case no 
15 extra treatment is necessary. 

in some cases, the components of interest, e.g.. enzymes, proteins, or 
nucleic acids, are optionally purified on a purification res.n. Reagents, e.g., enzyme 
substrates, are added to the purified components of interest, thus providing ported 
components or products. The protein purification step eliminates a ,o. of sample 
,„ preparation steps to follow, .n some embodiments, a component of interest ,s purified 
' i,,i„.. a component or enz.ymc reactor as descried above. Reactions are optionally 
perflcd in such a reactor and the enzymes or components removed, e.g.. by 
centrifugation or magnetization, to provide a purified product for analysis, e.g., y MS. 
,„i,ia,ion of product formaiion is optionally achieved by moculatmg the bacena, culture 
„ ,„to a different medium, .n all cases, the initiation o, product formation ,s performed ,n 
parallel 96 or 3S4-well forma, on the cell growth plate of the invention. 



TO V Sample preparation by off-line parallel purification. 

Two factors influence the quantitative detection of the ana.yte .n a mass 
spectrometer. Firs,, the impurities in the matnx can suppress or mask the signal. Second. 



mass spectrometers are 



Two factors in 
impu 

highly sophisticated instruments that are not designed for 
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handling crude samples. Strongly ionic buffers and macromolecules like DNA or 
proteins in the matrix will lead to reduction in signal and in the worst case to clogging of 
the machine. Therefore, sample cleanup is of the utmost importance. 

The present invention provides high-throughput methods for assays, e.g., 
5 enzyme assays, with whole cells or partially or completely lysed cells. Instead of a 
chromatographic separation step, the samples are cleaned up with extraction methods to 
get rid of proteins, nucleic acids, general cell junk, and debris, such as by solid phase 
extractions or ethanol/methanol precipitation. The methods used are viable for many 
components, including but not limited to sugars, peptides, polynucleotides, small 
10 inorganic molecules, polyketides, beta-lactam antibiotics, triazine derivatives, and the 
like. 

Traditionally, crude samples were cleaned on a liquid phase 
chromatography column prior to introducing them into a mass spectrometer. Liquid 
chromatography mass spectrometry (LC/MS) was probably the most common way to 
clean crude samples. However, each column run is time consuming (10-30 minutes per 
sample), limiting the speed of the analysis. 

Flow injection analysis (FIA) is generally only limited by the speed of the 
autosampler, which ranges from about 30 to about 40 seconds per injection and getting 
faster as new models of autosamplers are manufactured. Sample preparation for FIA 
20 takes into account every step from cell growth to reaction or product formation to 
introduction into the mass spectrometer. One important factor is to adjust reaction 
conditions for product formation to accommodate MS compatibility as much as possible 
without compromising screening quality. Reaction or assay conditions are as close as 
possible to the real environmental conditions under which the products and/or reactants of 
interest will be used. For example, when enzyme pathways are at issue, the reaction 
conditions are as close as possible to the conditions under which the enzymes are used, 
e.g., to ensure that directed evolution of the enzymes leads to the desired mutant variants. 
For example, production media of polyketides in Streptomyces contains inexpensive 
components typically used in fermentors. In general, the conditions chosen are project 
dependent. One skilled in the art will understand both the relevant biology and the 
appropriate form of analytic measurement, and thus can select reaction conditions. 

Once these conditions are defined, further sample cleanup is often 
unnecessary. Effective sample cleanup is dependent on the physico-chemical nature of 
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u , However all sample cleanup is optionally done on the 
the analyte as well as the matnx. However, an v 

Pnr examole small molecule substrates of 
^ ~Z —trate E COH. ^ 

without l,s,s of the ceiis. Us g ^ ^ ^ ^ 

o • h„ffers for err/vme reactions with these analytes are 

mo.ccuic. such as a po„ k et,de. Hydrophobtc mo.ccuies a, exacted ,0. ,e aqueous 
nhasc by oranic solvents .hat also remove ionic tmpunucs. 

„ without further punfication such as liquid chromatography. 

Anotherexampieofofnmesampicpreparaitoncompnses^ei par* 

solld phase extraction <SPE,, ,n which a piurahty of sampies, ,,. about 96 or a^ut S4 

10 I' e : «n. one or more buffet, or soivent, Components of tnteres, are re am d 

30 plate, e.g.. usin c u relative hi"h strength solvent 

inside a column of the SPE plate and optionally eluted by a re.un n. B o 

r • olate e * , a 96-weli plate. Samples prepared m this 

into a corresponding microwell plate, e. e .. a 

manner are suffictently purif.ed for injection tnto a mass spectrometer. 
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In all of the above cases, sample preparation was adopted to process 96 
samples in parallel in a highly automated fashion, thereby ensuring that screening was 
only rate dependent on the speed of sequential analysis of the mass spectrometer. 
Additionally, these adjustments to growing conditions or generation solvents provide 
sufficient purification of the sample for injection into a mass spectrometer. 

VI. Mass spectrometry 

Mass spectrometry is a generic method that allows detection of a large 
variety of different small molecule metabolites. Ionspray and electrospray mass 
spectrometry have been used in many different fields for the analysis of organic 
compounds and for characterization of biomacromolecules. It is however, usually 
coupled to a separation technique, such as high performance liquid chromatography or 
capillary zone electrophoresis, which is performed in-line with the mass spectrometry 
analysis. This slows down the rate of mass spectrometry and limits its use as a high- 
throughput method. For a general discussion of mass spectrometry theory and 
techniques, see, e.g., Kirk-Othmer Encyclopedia of Chemical Technology, Volume 15, 
Forth Edition, pages 1071-1094, and all references therein. See, also, Mass Spectrometry- 
for Biotechnology, G Siuzdak, Academic Press, San Diego, CA, 1996; Electrospray 
Ionization Mass Spectrometry: Fundamentals, Instrumentation, and Applications, R. 
Cole (Ed.), Wiley and Sons, 1997; Mass Spectrometry for Chemists and Biochemists, 
Johnstone et al.. Cambridge University Press, 1996; Mass Spectrometry: Principles and 
Applications, Hoffman ct al., Wiley and Sons, 1996; Quadrupole Mass Spectrometry and 
its Applications, Dawson (ed.), Springer Verlag, 1995; and Advances in Mass 
Spectrometry, Karjalainen et al. (eds.), Elsevier Science, 1998). 

Electrospray methods are used instead of gas chromatography procedures 
because no prior derivatization is required to inject the sample. Flow injection analysis 
methods (FIA) with ionspray-ionization and tandem mass spectrometry further the ability 
of the present invention to perform high-throughput mass spectrometry analysis. The 
ionspray method allows the samples to be injected without prior derivatization and the 
tandem mass spectrometry (MS-MS) allows extremely high efficiency in the analysis. 
Therefore, no column separation is needed. 

Electrospray ionization is a very mild ionization method that allows 
detection of molecules that are polar and large which are typically difficult to detect in 
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• Tv/r^rn electrospray mass spectrometers detect 
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detecting novel enzyme activity when the product of the enzyme reaction is not known, 
but is predictable. 

In neutral loss methods, components of interest are allowed to pass the 
first quadrupole, e.g., in a triple quadrupole spectrometer, one at a time by scanning the 
5 first quadrupole in a certain mass range. The components, e.g., ions, are fragmented in 
the second mass filter by CID. If a specific neutral fragment is lost from a parent ion 
during the CID process, a daughter ion is formed, which daughter ion has a mass equal to 
the mass of the parent ion minus the mass of the neutral molecule. The daughter ion will 
pass the third filter and be detected. In this way, any ion or components losing a neutral 
10 fragment, e.g., a constant neutral fragment (N 0 ) during the CID process in the second 
quadrupole is optionally detected by scanning the first and third quadrupoles 
simultaneously with a mass offset equal to the mass N 0 . 

In the parent ion method, ions or components of interest arc allowed to 
pass the first quadrupole one at a time. These ions are fragmented in a second mass filter 
by CID. The third quadrupole is then set to allow only specific ions to pass. Thus, all 
components, e.g., products or reactants, producing a specific fragment ion as set in the 
second quadrupole are detected by scanning the first quadrupole mass filters in the range 
of interest while setting the third quadrupole mass filter on that specific ion. 

The speed of the analysis is limited only by the motoric movements of the 
autosampler used to inject the samples, such as a CTC Analytics and Gilson, Inc. 
Middleton, Wisconsin. The speed for example, is optionally set at 30 seconds without 
wash and 40 seconds with wash of the injection needle. Such a sampling rate allows 
2880 samples per day to be analyzed by MS if automated overnight runs are used. Thus, 
an entire 96-vveIl microtitre plate of samples is run in less than an hour. Preferably, the ' 
speed of the autosampler is set at about 1 5 seconds per sample, allowing about 5000 
samples to be screened in one day or about 200 per hour. Autosampler companies are 
currently working to increase the throughput to one plate in 10 minutes including the 
washing, which would then allow for about 8500 MS samples to be run in a day.~ 

With the above mass spectrometry system and the off-line purification of 
the samples of interest, sample introduction to the machine is typically the most rate 
controlling step. The present invention provides a high-throughput screening method for 
use with mass spectrometry by providing faster sample purification steps. 
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The rate of screening * optionally increased beyond that of the 

mo .trateces e with the neutral loss, parent ion screening 

methods descnbe ^ ^ as one 

5 SamP,e ' ^ ; ,. cxamplc five d,fferen, subs.ra.es are reaced wi.h an enzyme and 
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t , ,5 000 samp.es. or a, leas, abou. 100,000 samp.es are screened, e.g., for 
abOU ' ' 0 . L* y of one or more componen,, e.g., non-coiumn-separa.ed 
presence, absen o * »«y ^ ^ ^ ^ ^ . ^ 

25 componcn,s,n - „ r „ least about m 000 sampies 

abou. 25,000 samples, a. leas, aooui 
or more are screened in abou. 1 day. 

V "' The sys,em described herein ,s op.ionally packed ,o mc.ude many, if no. 
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cases where reagents are not predisposed in the devices themselves, with appropriate 
instructions for introducing the reagents into the cell growth plate or mass spectrometer of 
the device. Such kits typically include a cell growth plate with necessary reagents 
predisposed in the wells or separately packaged. Generally, such reagents ^provided in 
5 a stabilized form, so as to prevent degradation or other loss during prolonged storage, 
e.g., from leakage. A number of stabilizing processes are widely used for reagentsttat 
are to be stored, such as the inclusion of chemical stabilizers (i.e., enzymatic inhibitors, 
microcides/bacteriostats, anticoagulants), the physical stabilization of the material, e.g.! 
through immobilization on a solid support, entrapment in a matrix (i.e., a gel), 
10 lyophiiization.orlhe like. 

The discussion above is generally applicable to the aspects and 
embodiments of the invention described above. Moreover, modifications can be made to 
the method and apparatus described herein without departing from the spirit and scope of 
the invention as claimed, and the invent.on can be put to a number of different uses 
15 including the following. 

The use of a mass spectrometry system to perform high-throughput 
screening of enzyme reaction pathways. 

The use of a mass spectrometry system as described herein to perform high 
throughput screening of reactants and or products of enzyme reactions. 

The use of a mass spectrometry system as described herein to perform high 
throughput screening of nucleic acid library. 

The use of an off-line parallel purification as described herein to perform 
high throughput mass spectrometry screening. 

The use of an off-line parallel purification as described herein to perform 
high throughput mass spectrometry screening of enzyme reaction pathways. 

An assay utilizing a use of the mass spectrometry system described herein. 
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EXAMPLES 

The following examples are provided by way of illustration onlv and not 
30 by way of limitation. Those of skill will readily recognize a variety of noncntical 
parameters which could be changed or modified to yield essentially similar results. 



38 



WO 00/48004 



PCT/US00 03686 



10 



15 



Example 1 : HTP-MS- Atrazine Production 

Atrazine is a member of the family of trtaz.ne-denved herbicides. Bstena 
from sues contaminated with this widely used herbicide were isolated that were able to 
metabolize and degrade atrazine.- A Pseudomonas strain was found to contain a ger. 
encoding onA, a 473 amino-acid prote.n that catalyzes the transformation of atraz.ne to 
hydroxyzine, the first step in the degradation pathway of atrazine (see also, De 
Souza M , Sadowsky, M. J- & Wackett, L. P, Atraz.ne Chlorohydrolase from 
Pseudomonas sp. Strain ADP: Gene Sequence, Enzyme Purification, and Prote.n 
Characterization. LJ^enoL 178:4894-4900 (1996)) (see also, Figure 1). 

The biochemical degradation of atrazine by the Pseuclomanas strain sp. 
ADP is an environmentally sound way of cleaning up contaminated sites. In order to be 
economically competitive, an increase of the wild type activity of the arJL gene was 
desirable. The aizA gene was cloned into a pUC-dcnved vector under the control ck a lac 
promoter, and the vector transformed into E. coli TO 1 . The expression of the gene *-as 
repressed in presence of glucose and induced with isopropyl thiogalactose (IPTG). ine 
plasmid also contained the gene for Kanamycin resistance. 
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] jhr-.„ Y pnnstructi ™ and cell growth 

The atzA gene was shuffled, and the initial library plated onto Kanamycin / 
->% Cucose plates. A robotic colony p.cker (Q-bot, Genetix) picked all colonies into a 
microtiter plate of 96 wells containing 2XYT (100 uL) medium with kanamyen anc 1% 
Cucose per we... The cells were grown in a specially designed shaker for microti 
plates (Kuehner, Switzerland) at 37 "C ovemight. The saturated cultures were d.lu.ea 20- 
fold into 2XYT (.00 uL) with Kanamycin and IPTG to initiate expression and groun 
25 again ovemight at 37 °C. 

^t.v.vinp. degradation 

Cells were harvested by centrifugation and resuspended into 100 uL 
ammonium acetate (10 mM, P H 7). 5 uL of resuspended cells were transferred into , 
10 reaction well containing 100 uL of reaction buffer with atrazine (100 uM) and 
ammonium acetate (10 mM. P H 7). The reaction proceeded for 6 hours at room 
temperature under constant shaking. The reaction was quenched by adding an equal 
volume of methanol (100 uL). The entire reaction 
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plate and any solid cell debris and precipitates removed by filtration. The samples were 
injected directly into the electrospray mass spectrometer by flow injection and analyzed 
by tandem mass spectrometry. 

MS/MS method development 

A solution of 1 mM atrazine in acetonitrile was prepared and used to 
develop a MS/MS method on a triple quadruple mass spectrometer (Finnigan TSQ 7000). 
The mobile phase was acetonitrile. The collision energy was set to -20eV. 

The transition of m/z = 216 (parent ion) to m/z =174 (daughter ion) was 
monitored {see Figure 2, panels A and B). 

MS/MS analysis 

Figure 3 shows results of a typical plate of 96 samples. Each row contains 
twelve different reaction conditions with various mutants that were reproduced across the 
eight columns. A periodical pattern of 12 peaks is clearly visible. Bacterial cell growth, 
reaction and sample workup were performed in parallel fashion as described above. 

Materials 

Ammonium acetate, glucose and IPTG and Kanamycin were purchased 
from Sigma. 2XYT medium was prepared according to Sambrook, J., Fritsch, E. F. & 
Maniatis, T.: Molecular Cloning. A Laboratory Manual . Cold Spring Harbor Laboratory 
Press 1989. Microtiter plates for cell growth were sterile flat-bottom shallow well plates 
from Nunc. Reactions were performed in 96 well Costar polystyrene V-bottom plates. 
Filter plates were from Mi Hi pore HV 0.45 \xm Durapore. 

Example 2: High throughput screening for directed evolution of enzymes and 
pathways using mass spectrometry 

High throughput chemical screening of enzyme reactions involves 
quantitative detection of substrate(s) and product(s). The most universal detection method 
to date is mass spectrometry which allows identification of a particular organic molecule, 
e.g., based on mass to charge ratio. Electrospray ionization is a mild method of 
transferring charged polar organic molecules into the gas phase and applicable for most 
biologically relevant organic molecules. 
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DNA shuffling urology .s used » create a library of re,a,ed gene 
fences that encode enzymefs) that ca,a,yze chemical reactions. The library of related 
1 sciences are, e.g.. on p.asmids that are transformed ,„ro bactena. Typrcall, 
lie bac.ena, Cone cames a uniuue gene seance representing a u„,ue vanant fa 
pillar enzyme or enzyme pathway, although many other shufOing for™, are also 

SUilab ' C ' Figure 4 deserts .he steps tha, are typ.cally used to monitor enzyme 
reactions by ^spectrometry from a single bacterial colony. 

&j!k£isjsl ^^ in Of. or 384 well format 

S.n.le colonies are picked directly from transformation plates into 384 or 

^ m.crot.tet 'plates with approve grow,,, media us,„g tbe Q-bot from Genet,. 

Th e speed of tbe Q-bot ,s about 4000 colon.es per hour. Tbe m.croti.er plates 

are incubated in a special plate shaker for cell growth. 

Bj^uciJtener^^ 

Each sin* colony was grown up in a s.ngle mierottter well to uniformity 
and then treated ,n several d„fe,en, ways to ,n,t,a,e product format.on. If enzyme 
expression is purposely suppressed du n n S eel, growth, which ,s ™— 
ex ress.on can be induced b, removing the suppressor or adding activator molecu s. 

Cells tha, contain active e„,ymes arc lysed or treated wi,h pe™eab,„z,ng 
agents to enable for bulky an*or strongly ion.c substrates to penetrate cel, walls. Th,s ,s 
e pccially useful for gram-negative baetena like E. co„. Some enzymes are secrete ,n,o 
Z media (,,. ,1 expressed ,n gram-positivc bactena like bacl.us with an approbate 
; sio „al sequence) ,n which case no extra treatment is necessary. 

,n some cases, the enzyme of interest is purified on a purification res,n. 
and the substrate added to the purified protens. The prote.n purification step eliminates 
sample preparation steps noted below ie. S .,eeCy However, protein purificatton 
method!,! typically used for single enzyme evolutions and are not as often for pathway 

0 eV0 '""° n ,ni.iat,on of product formation can also be achieved by inoculating the 
bacteria, culture ,n,o a different medium. In .be above cases, initiation of product 
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formation is performed in a parallel fashion on microliter plates, e.g., in a 96 or 384 well 
format. 



C: Off-line p arallel purification of analvtp from hiolopiml matriv 
5 There are at least two factors which influence quantitative detection of an 

anaiyte in a mass spectrometer. The signal can be suppressed or masked by impurities in 
the matrix. Also, mass spectrometers are sensitive instruments that are not typically 
designed for handling crude samples. Strongly ionic buffers and macromolecules like 
DNA or proteins in the matrix can lead to a reduction in signal and in some cases to 
10 clogging of the machine. Therefore, sample cleanup is often beneficial. 

Traditionally, crude samples were cleaned on a liquid phase 
chromatography column prior to introducing them into the machine. Liquid 
chromatography combined with mass spectrometry (LC/MS) is a useful way to clean 
crude samples. However, each column run is time consuming, limiting the speed of 
15 sample analysis. Flow injection analysis (FIA) is typically rate dependent on the speed of 
the autosampler, which in current formats ranges from about 30 to about 40 seconds per 
injection and which is getting faster as newer models of autosamplcrs arc manufactured. 

Sample preparation for FIA takes into account steps from reaction with 
cells to introduction to the mass spectrometer. One factor is to adjust reaction conditions 
20 for product formation to accommodate MS compatibility without compromising 

screening quality. Reaction conditions are typically as close as possible to the target 
environmental conditions under which these enzymes are used, in order to ensure that the 
screen is meaningful. These conditions are project dependent. Once the conditions are 
defined, further sample cleanup is often beneficial. Effective sample cleanup is 
25 dependent on the physico-chemical nature of the anaiyte as well as the matrix. 

Several strategies are used to accommodate a variety of different analytes 
in various biological matrices. A few of these strategies are provided below. 

As noted above in Example 1, small molecule substrates with hydrophobic 
moieties like atrazine penetrate into the E. coli cytoplasm without lysis. Using a volatile 
30 buffer such as ammonium acetate allowed very simple cleanup. Substrate was added and 
cell debris filtered off in a parallel fashion. 



42 



PCT/US00/03686 

WO 00/48004 

Smali inorganic ,on anaiy.es were often masted by coord.na.ing me.a, 
ions R eact,on buffers were chosen ,o reduce the co„cc„,ra.,on of ,o„,c speces ,o a 

,„d the remaining ca.ions removed by cation.c exchange res.n. 
— oIIcchaL anaiy.es were cieaned by moving ai, ion.c spec,es ^ 

,mPUriti " Sampie prcparauon was adop.cd ,o process 96 samp.es ,n parai.e, in a 
,hc speed of sequential analysis m .he mass spec.rome.cr. 

Trip ,e cuadrapoie mass spectrometers aliow MS/MS anaiys.s of sampie, 

h.gher speuf.c .y a ^ ^ ^ w charge m 

„ hour. The throughput hmMons were se. by .he 

~ spccromCer as opposed ,o paraiiei anaiysis of Cher de.ecuon m - 0. ^' 
sp ec,rome,ers). Sampie introducon ,o .he machme was the rate hmtung step. 

A „hou.h ,he foregomg inven.ion has been desenbed in some de.aii b, 
, alxample for purposes of eiari.y of „r,ders,and,ng, i. w.ii be readdy 
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or scope of the appended claims. All patents, patent applications, and publications cited 
herein are incorporated by reference in their entirety for all purposes. 
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WHATJSQ^MME^ 

!. A method of performing high throughput mass spectrometry 
screening, the method comprising: 

h) growing one or more cell; 

purify ,„ g one or more r,on.co>umn.separa,ed componen, from .he 

co „d,„on S ; ana ^ ^ ^ ^ ^ m ma£s 

, , Lreb, ob,ain,n g ******** ra>,o da,» and provd.ng h.gh .hrou.hpu, 

2 . The method of cla.m 1. where,,, s,ep (,) occurs s.mul.aneously «* 

step (ii). 

3 The method of claim 1. herein at least about 100 cel. colonies are 

P or activity of the one or more non-column-scparated component m 
screened for presence or actnit) 01 irn. 

15 less than an hour. 

4 The method of claim ..wherein a, leas, abou, 200 cell colonies are 
scree „ed for presence or ac y of the one or .ore non-column-scparated componen, ,n 

less than an hour. 

, The method of Cain, 1, wherein a, leas, abou, 500 cell colonies, a, 
k , .000 cell colonics, a, leas, abou, 5000 cell colon.es, a, leas, abou, .0.000 cell 
M T I , b , ^.000 cell colonies, or a, leas, abou, ,00,00 cel, colonies are 

less than an hour. 

t The me,hod of cla,n, 1. «here,n a, leas, abou, 200cell colonies, a, 
„ , least abou, ^000 cell colonies, at least about 100.000 
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7. The method of claim 5, comprising concurrently performing flow 
injection analysis on a plurality of cell colonies. 

8. The method of claim 7, wherein the plurality of cell colonies 
comprises about 2 to about 1000 cell colonies. 

9. The method of claim 8, wherein the plurality of cell colonies 
comprises about 5 to about 500 cell colonies. 

10. The method of claim 9, wherein the plurality of cell colonies 
comprises about 5 to about 100 cell colonies. 

11. The method of claim 10, wherein the plurality of cell colonies 
) comprises about 5 to about 20 cell colonies. 

12. The method of claim 1, wherein said purifying one or more non- 
column-separated component comprises performing step (ii) in a volatile buffer, a buffer 
that reduces concentrate of ionic species, an ion exchange rcs.n, or an organic solvent. 

13. The method of claim 1, wherein the non-column-separated 
components arc produced from whole cells, cell lysate, cell supernatant, or from reactions 
of purified cell enzymes with added substrates. 

14. The method of claim 1, wherein the one or more non-column- 
separated component is selected from: a protein, a protein binding molecule, a 
carbohydrate, a carbohydrate binding molecule, a product of an enzyme catalyzed 
reaction, a nucleic acid, and a product of a nucleic acid catalyzed reaction. 

15. The method of claim 1, wherein the one or more non-column- 
scparated component is selected from: an enzyme, an enzyme substrate, and an enzyme 
product. 

16. The method of claim 1, wherein the one or more non-column- 
separated component is selected from: a substrate with one or more hydrophobic 
moieties, an inorganic ion, an oligosaccharide, a hydrophobic molecule, atrazine, and a 
polyketide. 
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„ The method of Cairn 1, wherein punfying the one or more non- 
^-separate .o mP o, n , copses a,^„ g o„e o r m o,e — ^ea 

components lo a solid support. 

M The method of claim 17, whercm the soltd support compnses one or 
m orema g ne,t cb eads,oneormorea g aro S e to d,oneor m orepo ly s, y rene b ead S .oneor 

more pins, a mtcrowell plale.or a membrane. 

„ The method of cia.m .7. wherein the one or more non-separated 

moi e,y. and wherein the soltd support composes a tag bmdmg -» • 

20 The method of dairn 19, wherein the tag motcty comprises biotin, 
avld ,„, or streptavidtn and the tag bindtng motety comprtses biotin, av.dtn. or 

streptavidin. 

„ The method of clatm 19, further compnstng contacting the library of 
„ or more enzyme substrate ,0 produce one or more product, wherem 

one or more product. 

T. The method of claim l.wheretn the one or more non-column- 

„. or more enzyme substrate and one or more product 

substrate. 

„ The method of clatm 1, where.n performing Row injection analysts 
us , ng ceorospray tandem mass spectrometry comprises performtng or more of: neutra, 
,„ss mass spectrometry and parent ton mass spectrometry. 

24 The method o, c,a,m 23. compnstng pcrformmg the neutra. !oss mass 
^ spectrometry or the parent ton mass spectrometry on a trip, o,adrupo,e mass 
spectrometer. 
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25. The method of claim 24, wherein performing the neutral loss mass 
spectrometry comprises: 

(a) scanning the one or more non column-separated-component in a first 
quadrupole at a specified mass range; 
5 (b) fragmenting the one or more non-column-separated component in a second 

quadrupole by collision induced dissociation, thereby producing one or 
more neutral fragments and one or more daughter ion; and, 
(c) detecting the one or more daughter ion. 

26. The method of claim 24, wherein performing the parent ion mass 

0 spectrometry comprises: 

(a) scanning the one or more non column-separated-component in a first 
quadrupole; 

(b) fragmenting the one or more non-column-separated component in a second 
quadrupole by collision induced dissociation; and, 

5 (c) scanning a third quadrupole at a specified mass. 

27. A method for monitoring one or more product or reactant by hish 
throughput mass spectrometry, the method comprising: 

(i) providing a cell that has been transformed with a plasmid 
containing one or more member of a library of related gene sequences; 

1 (ii) growing a cell colony or culture from the cell; 

(iii) producing the one or more product or reactant from the cell colony 
or culture in a biological matrix, thereby producing a non-column-separated sample, 

(iv) purifying the non-column separated sample from the biological 
matrix, the purifying comprising an off-line parallel adjustment of the biological matrix 
used for producing the non-column separated sample; and, 

(v) monitoring the non-column separated sample by flow-injection 
analysis using electrospray tandem mass spectrometry, thereby monitoring the one or 
more product or reactant. 

28. The method of claim 27, wherein the products or reactants are 
selected from: a protein, a product of a protein reaction, a nucleic acid, and a product of a 
nucleic acid catalyzed reaction. 
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29 The method of clatm 27. wherem the produces or reactants are 
3„. The method of clarm 27. wherein step occurs simultaneously 

with step (iv). 

31 The method of claim 27. wherein purifying comprises altering or 

adding a huffe, to the biological matrix in which the non-column separated -pie ,s 
;lrced,here by producm S asa m p,e,ha,ca„o=in J ecteddircc,, y ,n t oa m ass 

spectrometer for analysis of the sample. 

3, The method of clatm 27, wherein a, leas, ahou, 200 Itbrar, members, 

, h . „ ,000 l.brary members, a. leas, about 5000 library members, a, least about 
„ a. leas, abon, 1000 br y ^ ^ ^ ^ 

,0,000 hhrary membes, a, a, a ^ ^ ^ ^ ^ 

library members are screened io. p.esence o. 
about 1 hour. 

33 The method of claim 27, wherem at lest about 200 library members, 

.mhrrs at least about 25,000 library members, at least about 
is ,t least about 1000 library members, at least aouu 

15 , „. least ab0 at 500,000 library members, or least about 

inn 000 library membets, at least jduui ju 

,00,000 hb.ary ^ ^ absence Qf products or 

1 ,000,000 samples or more are screens 
rcactants in about 1 day. 

3,. The method of claim 27, wheretn the reaction ,s an enzyme reaction. 

35. The method of clatm 27. wherein the gene sequences encode 



enzymes. 



3, The method of Cairn 35. wheretn the one or more product or reactan, 
, rostrate and a product of an enzymatic reactton. the method 

25 product of the enzymatic reaction. 

37. The method of claim 27. wherein the cell is a bacteria. 
38 The method of clatm 27, wherein the purifying step occurs ,n reaction 
conditions tha, substantially mimic envtronmenta, cellular condtttons. 
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39. The method of claim 27, wherein said purifying comprises 
performing step (iv) in a volatile buffer, a buffer that reduces concentration of ionic 
species, an ion exchange resin, or an organic solvent. 

40. The method of claim 27, wherein, the non-column-separated sample 
is produced using whole cells, cell lysate, cell supernatant, or a reaction of at least one 
purified cell enzyme with at least one substrate for the at least one cell enzyme. 

41. The method of claim 27, wherein the non-column separated sample is 
selected from: a substrate with one or more hydrophobic moieties, an inorganic ion, an 
oligosaccharide, a hydrophobic molecule, atrazine, a lipid molecule, and a secondary 
metabolite. 

42. The method of claim 41, wherein the secondary metabolite is a 

polyketide. 

43. The method of claim 27, step (v) comprising performing neutral 
loss/parent ion mass spectrometry, thereby quantifying an amount of the one or more 
product or rcactant. 

44. An apparatus for high throughput mass spectrometry screening, the 
apparatus comprising: 

(i) a cell growth plate for growing cell samples and reacting one or 
more of an enzyme, an enzyme substrate, and a enzyme product; 

(ii) an off-line parallel purification system coupled to or within the cell 
growth plate, for purifying the samples; 

(iii ) an automatic sampler operably coupled to the off-line parallel 
purification system; and 

(iii) a mass spectrometer operably coupled to the automatic sampler, 
said automatic sampler comprising a sample handler that transports samples from the off- 
line parallel purification system to the mass spectrometer for injection and analysis. 

45. The apparatus of claim 44, wherein the automatic sampler transports 
at least about 100 samples in about an hour. 
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t „ of claim 44 wherein the automatic sampler transport 
46. The apparatus oi claim wi 

al least about 200 samples m about an hour. 

f imii wherein the automatic sampler combines 
47 The apparatus of claim 44, wherein wc 

spectrometer. 

f 47 wherein the mass spectrometer screens at 
48 The apparatus of claim 47, wnerein r 

k ,,000 samples at least about 5000 samples, at least 

about 10000 samples, at least about 
about an hour. 

, ,< nf claim 47 wherein the mass spectrometer screens at 
49 The apparatus ot claim wuc 

u , i nnn samoles at least about 25000 samples, at 

le as, about 200 samples, a, leas, ^ „ „ , casl aboul ,000.000 

leas t about 100.000 samples, a, leas, about 500.000 samples. 

samples in about 1 day. 

, c n f rHim 44 wherein the rate of screening is 

50 The apparatus ot claim <»■+, ^ nc. 

***** .V .He maximum rate a, which the automatic sampler transports samples 
be ,„=en the off-l.no punftcation system and the mass spectrometer. 

51 The apparatus of clatm 44, wherein the offline punftcat.on system 
co mp„ses a volatile buffer, a ft. — — °< ^ * 
exchange resin or an organtc solvent. 

B. The apparatus of c.aim 44, wheretn the offline punfication systcnr 
comprises a component reactor. 

B. The apparatus of c.aim 52, wherein the component reactor compnses 
an enzyme reactor. 

54. The apparatus o, Cairn 52. wherein the enzyme reactor compnses a 
„ solid support for immobtlizing one or more components. 

55 The apparatus of Catm 54, wherem the one or more components 

or more enzyme, prole.n. nucleic acid, carbohydrate, lipid, sugar, 
comprise one 01 moie enzyme y 
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oligosaccharide, peptide, polynucleotide, small organic molecule, or secondary 
metabolite. 

56. The apparatus of claim 54, wherein the solid support comprises 
or more magnetic beads, one or more agarose beads, one or more polystyrene beads, 

5 or more pins, or a membrane. 



one 
one 



57. The apparatus of claim 44, wherein the cell growth plate comprises a 
library of related genes, which genes encode proteins or enzymes, and wherein each gene 
comprises a specific tag moiety. 

58. The apparatus of claim 57, wherein the offline parallel purification 

1 0 system is within the cell growth plate and comprises a solid support, which solid support 
comprises a tag binding moiety, which tag bonding moiety binds to the specific tag. 

59. The apparatus of claim 58, wherein the automatic sampler removes 
the solid support from the cell growth plate. 

60. The apparatus of claim 44, wherein the mass spectrometer is an 
1 5 electrospray tandem mass spectrometer. 

61 . The apparatus of claim 44, wherein the mass spectrometer is a triple 
quadropole mass spectrometer. 

62. The apparatus of claim 44, further comprising a computer and 
software operably coupled to the apparatus for recording and analyzing data from the 

20 mass spectrometer. 

63. The apparatus of claim 62, wherein the computer further comprises 
software for controlling the automatic sampler. 

64. A method for analyzing a plurality of components, the method 

comprising: 

25 (i) P' ovid '"S a plurality of components; which components comprise tagged 

components; 

(ii) binding the tagged components to a tag binding moiety on a solid support; 
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reacting the tagged components with one or more ,=a g =„,s m a reactton 
mixture, thereby productng one or more products; 

(iv) .moving the ragged components from the reaction nature or »ash,n = d, 
reaction mixture from the solid support; and, 

(v) analyzing the tagged components, the one or more reagents, or the one or 
more products in a high throughput system. 

65 The method of Cain, 64, wherein the so.id support comprises one or 
m orc magoetic heads, one or more agarose heads, one or more polystyrene beads, one or 
more pins, a microwell plate, or a membrane. 

66 The method of claim 64, wherem the tagged components composes 
D ,,i, avidtn or streptavidtn and wherein the tagbutding moiety comprises biotin. avidi, 
or strcptavidin. 

67 The method ofclaim 64, wherem the components compnse enzymes, 
peptides, proteins', polynucleotides, carbohydrates, Hp*, sugars, oligosaccharides, small 
0 rganic molecules, secondary metabolites, or nucleic actds. 

68 The method of claim 64, the method further comprising providing a 
„ bra ry of genes, which genes encode one or more enzyr.es, whtch enzymes compnse tne 
plurality of tagged components. 

69 The method of claim 68, further comprising expressmg the one or 
more tagged cn^es in one or more cells, wmch ceUs or ceU supernatant composes the 
reaction mixture. 

70. The method ofclaim 69, further comprising lysing the one or more 

cells. 

71. The method ofclaim 64, wherein the high throughput system 
5 comprises a mass spectrometer. 
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Atrazine 



Fig. 1 
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Product generation 
using whole cells, 
cell lysis or purified 
enzymes 



D: 

Flow-injection analysis 
using electrospray 
tandem mass 
spectrometry 
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